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Purpose: Few cells with stem cell characteristics possess capa- 
bilities of self-renewal and differentiation, which leads to high 
tumorigenesis and resistance to standard chemotherapeutic 
agents. These cells are mostly quiescent, and arrest occurs at 
the mitotic G0/G1 phase in mitosis. We explored the effects of 
basic fibroblast growth factor (bFGF) on the MCF-7 cell cycle 
with CD44VCD24". Methods: Cancer-initiating cells were propa- 
gated as mammospheres. The CD44VCD24" subpopulation was 
sorted by a fluorescence activating cell sorter-Vantage flow 
cytometer. A cell cycle analysis was performed with different 



bFGF concentrations. Results: Differences in the GD44VGD24" 
cell proliferation under different bFGF concentrations were 
observed (p= 0.001). When the bFGF concentration was in- 
creased, the proportion of CD44VCD24" at G0/G1 decreased 
(p= 0.023). Conclusion: We conclude that bFGF may sustain 
CD44VCD24" cell proliferation and could promote cell progres- 
sion through the G0/G1 ^G2/S phase transition. 
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INTRODUCTION 

Cancer stem cells (CSCs) have recently been identified in 
various malignant tumors ranging from leukemia to solid 
tumors such as breast cancer. Evidence indicates that CSCs 
play an important role in the pathogenesis, invasion, and 
metastasis of malignancies [1]. CSCs represent only a small 
fraction of a tumor. However, unlike most cancer cells, they 
possess self-renewal and differentiation capabilities, which 
lead to high tumorigenesis and resistance to standard chemo- 
therapeutic agents. Breast cancer cells with the CD44^/CD24 
cell surface marker expression profile have been proposed to 
be CSCs [2]. Evidence has demonstrated that breast cancer 
cells with CD44^/CD24 have strong tumor initiation capabili- 
ties. Breast cancer cells with CD44^/CD24 are resistant to 
chemotherapy [3] and radiotherapy [4] because they are most- 



Correspondence to: Zhen-lin Yang 

The First Affilated Hospital of Binzhou Medical University, No. 533 Huang 

He 3 Road, Binzhou, Shandong, China 

Tel: +86-543-325-8768, Fax: +86-543-325-7792 

E-mail: yzhlin@126.com 

This research funded by The National Natural Science Foundation of China 
under grant No. 30973932 and 81 173601 . 

Received: October 1 1, 201 1 Accepted: October 20, 2012 



ly quiescent, as they are arrested at the GO/Gl phase in mitosis. 
Inducing the breast cancer cells differentiation with CD44^/ 
CD24 from GO/Gl to S may make these cells easy to destroy 
with chemotherapy. 

We try to provide a strategy to induce breast cells differenti- 
ation with CD44VCD24 from GO/Gl to S. Basic fibroblast 
growth factor (bFGF) is a widely active and potent mutagen. 
We propose the hypothesis that bFGF can be used to induce 
breast cancer cells with CD44^/CD24 to differentiate into 
dividing cancer cells. 

Molecular markers have been used to identify breast CSCs, 
and the CD44^/CD^^^^°'^ phenotype has stem cell properties 
[5]. A single breast cancer cell marked by CD44^/CD24 can 
reconstitute into a breast tumor [6] . Breast cancer cells with 
CD44^/CD24 also have highly invasive properties and express 
higher levels of pro-invasive genes [7]. 

In this study, we report that bFGF regulates progression of 
the Gl/S phase, and a potential method to induce breast can- 
cer cells with CD44^/CD24 to distinguish cancer cells from 
MCF-7 cells. 

METHODS 

Cell culture 

The MCF-7 human breast cancer cell line was obtained from 
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the Institute of Histoembryology, Binzhou Medical University. 
The cells were maintained in RPMI 1640 (Boster, Wuhan, 
China) containing 10% fetal bovine serum and an antibiotic 
(Figure lA). 

Mammosphere culture 

Cells in the supernatant of 2-day-old cultures were collected 
by centrifugation, for 5 minutes at 300 x^, washed in Hanks' 
buffered salt solution, and re- suspended in phenol red-free 
DMEM-F12 (Boster) supplemented with 2% B27 (Gibco, 
Grand Island, USA), 5 |ig/mL bovine insulin (Boster), 10 



ng/mL bFGF (PeproTech, Rocky Hill, USA), and 20 ng/mL 
epidermal growth factor (PeproTech) at a density of 2,000 
cells/mL to obtain cancer-initiating cells and propagate them 
as mammospheres. Growth factors were added to the mam- 
mosphere cultures (Figure IB) every 3 days. 

Flow cytometry 

Cells were washed once with phosphate-buffered saline 
(PBS) and then harvested with 0.05% trypsin/0.025% EDTA. 
Detached cells were washed with PBS containing 1% fetal calf 
serum and 1% penicillin/streptomycin (wash buffer), and 




Figure 1 . (A) MCF-7 cells culture. Some of the MCF-7 cells have fusiform shape, and some have polygonal shape, they array orderly in general (x 20). 
(B) MCF-7 mammosphere culture. MCF-7 cells cultured in the medium that was supplemented with 2% B27, 5 pg/mL bovine insulin, 10 ng/mL basic 
fibroblast growth factor 2, and 20 ng/mL epidermal growth factor at a density of 2,000 cells/mL generate mammosphere (x 20). 




CD44-PE O CD44-PE © 

Figure 2. (A) CD44VCD24- cells subpopulation of unselected MCF-7. Flow cytometric analysis of MCF-7 cells labeled with CD24-FITC and CD44-PE 
antibodies. Total unselected MCF-7 cells can be divided into two distinct subpopulations: CD44VCD24-, CD44-/CD24-. (B) CD44VCD24- cells sub- 
population of mammosphere culture cells. CD44VCD24" cells and CD44yCD24" cells were sorted by adding FITC anti-human CD24 and PE anti-hu- 
man CD44 from mammosphere culture MCF-7 cells. 
FITC = fluorescein isothiocyanate. 
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then re-suspended in wash buffer (10^ cells/ 100 [iL). Fluoro- 
chrome-conjugated monoclonal antibodies fluorescein iso- 
thiocyanate (FITC) anti-human CD44 and phycoerythrin 
(PE) anti-human CD24, or their respective isotype controls, 
were added to the cell suspension at concentrations recom- 
mended by the manufacturer, and incubated at 4°C in the 
dark for 30 to 40 minutes. The labeled cells were washed in 
wash buffer, fixed in PBS containing 1% paraformaldehyde, 
and analyzed on a fluorescence activating cell sorter (FACS)- 



Vantage flow cytometer (BD Biosciences, San Diego, USA). 
The cells were sorted into CD447CD24 and CD447CD24^ 
subpopulation, according to their surface markers (Figure 2). 
Cells were routinely sorted twice and re-analyzed for purity, 
which was typically > 95%. 

Cell cycle analysis 

Experiments were performed with cells seeded at a density 
of 5 X 10^ cells /dish (100 mmcp x 20 mm high) in DMEM-F12 
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Figure 3. Cell cycle of CD44VCD24" cells in different bFGF concentration. (A) Cell cycle distribution was measured by flow cytometry using a BrdU 
Flow Kit and the percent of the cell cycle phase is shown in a bar graph form with the G0/G1 (93.1 %) and S (6.93%) phases for the cell lines in the 
absence of bFGF (B) Cell cycle distribution was measured by flow cytometry using a BrdU Flow Kit and the percent of the cell cycle phase is shown 
in a bar graph form with the G0/G1 (85.3%) and S (14.7%) phases for the cell lines in the presence of bFGF (10 ng/mL). (C) Cell cycle distribution was 
measured by flow cytometry using a BrdU Flow Kit and the percent of the cell cycle phase is shown in a bar graph form with the G0/G1 (76.8%), G2 
(4.34%) and S (18.8%) phases for the cell lines in the presence of bFGF (25 ng/mL). (D) Cell cycle distribution was measured by flow cytometry using 
a BrdU Flow Kit and the percent of the cell cycle phase is shown in a bar graph form with the G0/G1 (62.8%), and S (37.2%) phases for the cell lines 
in the presence of bFGF (50 ng/mL). 
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Table 1 . The percentage of cells in G0/G1 , S, and G2/M phases under 
different concertration of bFGF 



CO of bFGF (ng/mL) 


Cell counting (lO'^) 


G0/G1 (%) 


G2 (%) 


S(%) 


0 


8.6 


93. r 


0 


6.93 


10 


23.0 


85.3* 


0 


14.7 


25 


51.0 


76.8* 


5.3 


18.8 


50 


74.0 


62.8* 


0 


37.2 



Cell cycle analysis was performed at 24 hours after cells was stimulated with 
0, 10, 25, 50 ng/mL basic fibroblast growth factor (bFGF) and cell numbers 
were determined. The percentage of cells in G0/G1 was greatly significant un- 
der different concentration of bFGF The values were calculated from the cell 
numbers between 0, 10, 25, 50 ng/mL bFGF group. Statistical differences 
were = 1 8.08, *p= 0.001. 

for 72 hours. Cell cycle analysis was performed using a bro- 
mo-deoxyuridine (BrdU) Flow Kit (Miltenyi Biotech Inc., 
Auburn, USA) with cells seeded in one of the dishes, after 
they were stimulated for 24 hours with 0, 10, 25, or 50 ng/mL 
bFGF in DMEM-F12. BrdU (10 \M) was added to the culture 
medium during each incubation period, and the cells were 
incubated for an additional 30 minutes. The cell cycle analysis 
was performed using a BrdU Flow Kit and a FACS Aria II 
flow cytometer (BD Biosciences). Data were analyzed using 
CellQuest software (BD Biosciences), and the percentages of 
cells in the GO/Gl, S, and G2/M phases were determined 
(Figure 3). 

RESULTS 

The percentage of cells in the GO/Gl, S, and G2/M phases 
differed in the presence of bFGF. A cell cycle analysis was 
performed for 24 hours, then the cells were stimulated with 
DMEM-0.5, supplemented with bFGF (10, 25, or 50 ng/mL) 
to investigate the cell proliferation- specific effects of bFGF. As 
shown in Figure 1, the percentage of CD44^/CD24 cells in the 
GO/Gl, S, and G2/M phases was significantly different under 
the different bFGF concentrations. The effect of bFGF on the 
cell cycle was quantified by bivariate BrdU flow cytometry 
analysis. Detailed values of the cell cycle analysis are summar- 
ized in Table 1. The percentage of cells in GO/Gl deceased 
with a change in bFGF concentration (Figure 4). 

DISCUSSION 

We demonstrated that the effect of bFGF on promoting 
CD44^/CD^^^^°'^ cell proliferation and progression through the 
Gl/S phase transition was correlated with bFGF concentration. 

FGF was first described in 1975 [8]. Only acidic and basic 
FGF were identified, based on the structural properties of FGF. 
Today, FGF proteins are understood to comprise a growth 
factor family that includes more than 20 proteins [9]. bFGF is 
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Figure 4. The correlation between the percentage of cells in GO/Gl un- 
der different bFGF concentration. The values were calculated on the 
correlation between the percentage of cells in G0/G1 under different 
bFGF concentration. Statistical differences were Z=2.28, p= 0.023 by 
Cochran-Armitage. The percentage of cells in G0/G1 decreased with 
the bFGF concentration increased. 

mutagenic in various cell types, including bovine aortic endo- 
thelial cells [10] and adult rat Schwann cells [11]; bFGF produc- 
es a 4-fold increase in DNA synthesis and a 3 -fold rise in BrdU 
labeling, suggesting that it promotes the Gl/S transition [12]. 
When added to culture medium, the proportion of nifedipine- 
reactive patient cells that underwent progression to the S and 
G2/M phases from the GO/Gl phase increased significantly 
compared to the proportion in nifedipine-non-reactive patient 
cells [13]; bFGF plays a concentration-dependent role regulat- 
ing the cell cycle [12,14,15]. The effect of bFGF in the regula- 
tion of the MCF-7 cell cycle with CD447CD24 was evaluated 
in this study, as bFGF is a potential factor promoting the Gl/S 
transition. 

Breast cancer cells that express CD44 (CD44^) and show an 
absence or low levels of CD24^^°'^ possess self- renewal capacity 
and the ability to initiate tumors in non-obese diabetic/severe 
combined immunodeficient mice from as few as 100 cells [16]. 
A recent study by Sheridan et al. [16] also showed that CD44^/ 
Q j-)24 /low cancer cells possess enhanced invasive proper- 
ties. Cancer cells with CD44^/CD24 differentiate into two 
types of cell during malignancy development one type retains 
self- renewal capacity, often arresting in GO/Gl, whereas the 
other type loses self-renewal capacity and differentiates into a 
cancer cell. Stem cells are mainly quiescent in the GO state [14], 
which allows them to be drug-resistant. Some studies have 
shown that breast cancer cells with the CD44^/CD24 are more 
resistant to chemotherapy and radiotherapy than that of non- 
CSCs [3,4]. If we could promote cells to progress through the 
Gl/S phase transition, breast cancer cell with CD447CD24 
might be more easily destroyed. As the number of breast can- 
cer cell with CD44^/CD24 was very low, a mammosphere cul- 
ture was used to obtain more cancer- initiating cells by adding 
5 |ig/mL bovine insulin, 20 ng/mL bFGF-2, 10 ng/mL epider- 
mal growth factor and 2% B-27 into the DMEM-F12. Then, 
CD44^/CD24 cells were sorted by flow cytometry, and 0.9% 
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breast cancer cells with CD44^/CD24 were obtained from 
mammosphere culture, compared to 0.3% breast cancer cells 
with CD44^/CD24 obtained from normal MCF-7. Grimshaw 
et al. [17] found that mammosphere culture of pleural effusions 
enriched with 0044^/0024^°"^^" cells are capable of inducing 
tumors in severe combined immunodeficiency diseased mice. 

Cell cycle analyses were performed to calculate the percent- 
age of CD44VCD24 cells in GO/Gl, under different bFGF 
concentrations. The results showed that the percentage of cells 
in GO/Gl decreased as bFGF concentration increased {p- 
0.023). The proportion was higher in the presence of a high 
level of bFGF than that with a in the relatively low level of 
bFGF. When bFGF was added to the medium, cell prolifera- 
tion advanced in CD447CD24^^°^ cells as well as in MCF-7, 
cells without being selected. Cell count increased with increas- 
ing bFGF concentration. 

In summary, the findings indicate that: First, mammosphere 
cultures were able to enrich CD44^/CD24 cells; Second, bFGF 
was able to sustain CD44^/CD24 cell proliferation and promote 
cell progression through the Gl/S phase transition; Third, this 
effect was correlated with bFGF concentration. 

However, the mechanism for the role of bFGF to enable 
breast cancer cells with the CD447CD24 to undergo pro- 
gression to the S and G2/M phases from the GO/Gl phase is 
unclear, thus, fijrther studies must be conducted. Promoting 
breast cancer cell with the CD44^/CD24 marker through 
the GO/Gl ^G2/S phase transition may be an efficient way to 
destroy breast cancer cells. 

CONFLICT OF INTEREST 

The authors declare that they have no competing interests. 
REFERENCES 

1. Pardal R, Clarke MP, Morrison SJ. Applying the principles of stem-cell 
biology to cancer Nat Rev Cancer 2003;3:895-902. 

2. Bhat-Nakshatri P, Appaiah H, Ballas C, Pick-Franke P, Goulet R Jr, Badve 
S, et al. SLUG/SNAI2 and tumor necrosis factor generate breast cells with 
CD44+/CD24- phenotype. BMC Cancer 2010;10:41 1. 

3. Li X, Lewis MT, Huang J, Gutierrez C, Osborne CK, Wu MF, et al. In- 
trinsic resistance of tumorigenic breast cancer cells to chemotherapy J 
Natl Cancer Inst 2008;100:672-9. 



4. Phillips TM, McBride WH, Pajonk F. The response of CD24(-/low)/ 
CD44+ breast cancer-initiating cells to radiation. J Natl Cancer Inst 
2006;98:1777-85. 

5. Al-Hajj M, Wicha MS, Benito-Hernandez A, Morrison SJ, Clarke ME 
Prospective identification of tumorigenic breast cancer cells. Proc Natl 
Acad Sci U S A 2003;100:3983-8. 

6. Li HZ, Yi TB, Wu ZY Suspension culture combined with chemothera- 
peutic agents for sorting of breast cancer stem cells. BMC Cancer 2008; 
8:135. 

7. Liu R, Wang X, Chen GY, Dalerba P, Gurney A, Hoey T, et al. The prog- 
nostic role of a gene signature from tumorigenic breast-cancer cells. N 
Engl I Med 2007;356:217-26. 

8. Gospodarowicz D. Purification of a fibroblast growth factor from bovine 
pituitary J Biol Chem 1975;250:2515-20. 

9. Praul CA, Ford BC, Leach RM. Effect of fibroblast growth factors 1, 2, 4, 
5, 6, 7, 8, 9, and 10 on avian chondrocyte proliferation. J Cell Biochem 
2002;84:359-66. 

10. Bouche G, Gas N, Prats H, Baldin V, Tauber JP, Teissie J, et al. Basic fibro- 
blast growth factor enters the nucleolus and stimulates the transcription 
of ribosomal genes in ABAE cells undergoing GO: Gl transition. Proc 
Natl Acad Sci U S A 1987;84:6770-4. 

1 1. Peulve P, Laquerriere A, Paresy M, Hemet J, Tadie M. Establishment of 
adult rat Schwann cell cultures: effect of b-FGF, alpha-MSH, NGF, 
PDGF, and TGF-beta on cell cyck. Exp Cell Res 1994;214:543-50. 

12. Frederick TJ, Min J, Altieri SC, Mitchell NE, Wood TL. Synergistic in- 
duction of cyclin Dl in oligodendrocyte progenitor cells by IGF-I and 
FGF-2 requires differential stimulation of multiple signaling pathways. 
GHa 2007;55:1011-22. 

13. Takeuchi R, Matsumoto H, Okada H, Hori M, Gunji A, Hakozaki K, et 
al. Differences of cell growth and cell cycle regulators induced by basic 
fibroblast growth factor between nifedipine responders and non-re- 
sponders. J Pharmacol Sci 2007;103:168-74. 

14. Hwang- Verslues WW Chang KJ, Lee FY Lee WH. Breast cancer stem 
cells and tumor suppressor genes. J Formos Med Assoc 2008; 107:751- 
66. 

15. Pratsinis H, Kletsas D. PDGF, bFGF and IGF-I stimulate the prolifera- 
tion of intervertebral disc cells in vitro via the activation of the ERK and 
Akt signaling pathways. Eur Spine J 2007; 16: 1858-66. 

16. Sheridan C, Kishimoto H, Fuchs RK, Mehrotra S, Bhat-Nakshatri P, 
Turner CH, et al. CD44+/CD24- breast cancer cells exhibit enhanced 
invasive properties: an early step necessary for metastasis. Breast Cancer 
Res2006;8:R59. 

17. Grimshaw MJ, Cooper L, Papazisis K, Coleman JA, Bohnenkamp HR, 
Chiapero-Stanke L, et al. Mammosphere culture of metastatic breast 
cancer cells enriches for tumorigenic breast cancer cells. Breast Cancer 
Res2008;10:R52. 



http://ejbc.kr 



http://dx.d0i.0rg/l 0.4048/jbc.201 2.1 5.4.388 



